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Abstract 
Here we present new data from Chinese basaltic catchments that experience monsoonal climate. The weathering 
rates of Chinese basaltic fields roughly agree with the previously established law of basalt weathering that includes 
the controls of both runoff and temperature. However, we find out that temperature alone might explain the 
weathering variability if active and inactive volcanic fields are separated. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Weathering of basaltic rocks contributes more than 30% of the atmospheric CO2 that is consumed by continental 
silicate weathering even though that the basaltic rock only covers 5% of the land surface [1,2]. Changes in basalt 
weathering have been linked to the perturbation of carbon cycle and thus climate in the past [3-5]. Basalt weathering, 
presumably being sensitive to the pCO2–related climate changes, may have played a central role in restoring the 
balance of exogenic carbon cycle that was disturbed by forcing such as tectonic uplift [5,6]. 
Understanding the controls of climate on the rate of basalt weathering is critical to evaluate the ability of basalt 
weathering in regulation the carbon cycle. In 2003, a law of basalt weathering has been established [1], which points 
out the controls of both mean annual temperature (T, in °C) and runoff (R, in mm/yr): 
 
fCO2 = R × 323exp(0.064 T)         (1) 
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where fCO2 is weathering rate of basalt indicated by the consumption of atmospheric CO2 associated with the 
weathering (mol/km2/year). Here we examine the law of basalt weathering by providing new data from Chinese 
basaltic that influenced by monsoonal climate and by compiling data published after 2003 [1].  
2. Study area and method 
Basaltic rock is widely distributed in East Asia where monsoon climate prevails (Fig. 1). This research chooses 
three regions from south to north, namely the Leizhou Peninsula, the Nanjing basaltic field, and the catchment of 
Mudanjiang River in China mainland (Fig. 1a). 
 
 
Fig. 1. (a) Basalt in China and the research sites; (b-e) Correlations between temperature, runoff and fCO2.  
 
The Leizhou Peninsula, including the sea basin nearby, are covered by the basalt erupted in the Pleistocene [7]. 
Cenozoic basalts of Paleocene and the Miocene ages [8,9] are widely distributed close to the city of Nanjing. The 
upper stream of Mudanjiang river is covered by basaltic rock aged from ~50 Ma to ~10 Ma [10]. The volcanism of 
the three regions has already been ceased. The mean annual temperature and runoff of the three regions, which are 
estimated by local weather and hydrological stations, are listed in Table 1. The basaltic rocks in Nanjing basaltic 
field and Mudanjiang catchment have been cut though by the river valleys so that most of the chemical flux might 
be carried by surface runoff. However, the fractured basaltic rocks are directly connected to the sea basin around the 
Leizhou Peninsula. A large portion of the annual discharge is this region is carried by groundwater (305 mm/yr) 
rather than surface runoff (491mm/yr). 
Water samples from streams and small reservoirs in Nanjing basaltic field were taken in time resolution of 1-2 
moth during the years of 2010 and 2011. Water samples (downstream rivers and well groundwater) were taken 
during both the pre-monsoon (March) and monsoon (August) seasons in the Leizhou Peninsula. The hydrological 
station on the upper stream of Mudanjiang River measured the water chemistry monthly from 1978 to 1982. The 
concentration of HCO3- in the water samples is titrated in the field. The accuracy of the measurement is maintained 
within 5%. The CO2 consumption rate of basalt weathering is calculated from the mean concentration of bicarbonate 
([HCO3- ]), averaged by runoff weighing, and runoff (fCO2 = [HCO3−] × R). 
 
     Table 1. Mean solute concentrations, climatic parameters and weathering rates for basaltic watersheds 
71 Gaojun Li and Xiaoyong Long /  Procedia Earth and Planetary Science  10 ( 2014 )  69 – 72 
Name 
Present 
volcanism 
T 
(°C) 
Runoff 
(mm/y) 
[HCO3-] 
(μmol/L) 
fCO2 
(106 mol/km2/yr) 
This work 
Leizhou Peninsula Inactive 23.3 797 1479 1.18 
Nanjing basaltic field Inactive 15.2 330 1683 0.56 
Mudanjiang River Inactive 3.2 210 998 0.21 
Dessert et al. compilation (ref. [1]) 
Columbia Plateau Inactive 7.4 1053 354 0.37 
Deccan Traps, Inactive 27.0 463 2719 1.26 
Hawaii Active 16.0 1612 407 0.66 
Iceland Active 2.0 1883 415 0.78 
Iceland Active 2.0 2432 480 1.17 
Java Active 24.8 4052 1987 8.05 
M. Central Inactive 8.7 406 686 0.28 
M. Central Inactive 8.7 478 698 0.33 
Mt. Cameroon Active 25.6 2120 1623 3.44 
Paraná Traps Inactive 20.2 1020 817 0.83 
La Réunion Active 17.0 2433 1311 3.19 
São Miguel Active 16.0 734 763 0.56 
 
3. Results and Discussions 
The calculated weathering rate of Chinese basaltic field is listed in Table 1 and is plotted against the climatic 
parameters together with other basaltic fields in the world (Fig. 1 c-f). It seems that the basalt weathering law could 
roughly predict the weathering rate of Chinese basaltic lands (Fig. 1e). However, an even better correlation between 
temperature and weathering rate could be observed if active and inactive volcanic fields are separated (Fig. 1a). The 
only exceptions are São Miguel and Hawaii, but new estimation of have increased the value to 2.07 ×106 mol/km2/yr 
and 1.2 ×106 mol/km2/yr respectively [11,12]. 
The control of climate on the rate of silicate weathering and thus the associated consumption of atmospheric CO2 
provides a negative feedback to the changes of atmospheric CO2 concentration (pCO2) through the greenhouse effect 
of pCO2 on climate [13]. Such a climate-weathering feedback is believed to have maintained the long-term balance 
of the exogenic carbon cycle and a homeostatic condition of the Earth’s surface [13]. Temperature dependence of 
weathering rate, as predicted by the chemical kinetics [14], has been observed by laboratorial experiments [15]. 
However, field evidence on the temperature control of natural weathering rate is much complicated. Complexities 
mainly arise from the other factors that influence the weathering rate, of which many are correlated with 
temperature. These complexities include lithology, vegetation, geomorphology, and etc. [16]. The separation of 
active and inactive volcanic fields here make good an example on how the temperature dependence of silicate 
weathering would be detected if other complicating factors are excluded. 
Recent studies show that the active volcanic islands are very reactive in chemical weathering [17-19]. The active 
volcanic islands, which coincidently have high precipitation amount due to the oceanic climate condition (Figs. 1b 
and 1c), may have caused the general correlation between runoff and weathering rate (Fig. 1c). Runoff influences 
weathering rate mainly by controlling the concentration of soil solution and thus the degree that deviate from the 
chemical equilibrium [20]. The highest HCO3- concentration observed in basaltic aquifer can reach up to 8000 
μmol/L while the average HCO3- concentrations of most of the basaltic fields are well below 2000 μmol/L. The 
weathering of basalt might be far from chemical equilibrium so that the dilution effect of runoff would be minor 
[14]. The specific wet surface might also be more or less the same between the basaltic terrains. The very small 
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pores, which contribute most of the pore surface, hardly loss water either by gravitational flow or evapotranspiration 
due to the strong capillary forces associated with the small pores. The similar structural nature of basaltic rocks 
implies similar content of the very fine pores and thus the wet surface. 
4. Conclusion 
The chemical weathering rate of basaltic rock seems to be mainly controlled by temperature if active and inactive 
volcanic fields are considered separately. 
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